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PURPOSE: To obtain a preclston abrasive capable of abrading the surface of a material in 
a high accuracy leading to improve the smoothness and accuracy of abraded surface, 
consisting of an alkaline eerie oxide sol containing an organic acid bearing two or more 
carboxyl groups. 

CONSTITUTION: This precision abrasive consists of an alkaline eerie oxide sol (with an 
average particle diameter of pref. 2-200nm) containing an organic acid bearing two or 
more carboxyl groups (pref. tartaric acid or citric acid). It is preferable that the sol 
concentration should be 10-60wt.% on a CeOa basis. 
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* NOTICES * 

JPO and ZNPZT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The precision abrasive material which consists of the second cerium sol containing the 
organic acid which has two or more carboxyl groups of alkaline oxidation. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention offers the precision abrasive material which consists of a cerium 
oxide sol of an alkaline stability mold about a precision abrasive material as an abrasive material by 
mnn?/""^"*^^"^"* ^^^"^ irregularity is achieved by the smooth nature list of a polished surface. 

[Description of the Prior Art] It is required that optical crystal, such as LiNb03, LiTaOB and Xtal which 
are used for the glass substi-ate used for a color liquid crystal display, the display for solar batteries, the 
display for LSI photo masks, the active-matrix mold LCD, LCD for cameras, an optical disk, a magnetic 
disk, etc., an optical modulator, a surface acoustic filter, a phase compensator, a polarizing prism, an 
optical disk, etc., and a quartz, the filter for optics, the stainless steel for optics, etc. should carry out 
precision polish of the material-list side at high degree of accuracy 

[0003] The abrasive material of the impalpable powder abrasive grain of cerium oxide, a zirconium 
dioxide, and a silicon-dioxide system is used for the abrasive material conventionally used for precision 
polish of such an ingredient. The silica sol is especially used abundantly as a finishing abrasive material 
in precision polish among silicon-dioxide system abrasive materials. However, a silica sol has the 
problem of giving a blemish to an ingredient polished surface, when it is easy to generate a lump and the 
lump exfoliates, since desiccation cohesive force is remarkable and strong, and the precision is about 
3nm as surface roughness (Rmax), and it is difficult to acquire suri^ace precision of an ingredient which 
IS demanded m recent years. Then, although the device which raises surface precision by the approach of 
selecting the c ass of a gnnder and scouring pad is made, about 2nm (Rmax) of surface roughness of the 
precision is a limitation. * 

[0004] On the other hand, since cerium oxide and a zirconium dioxide are excellent in the polish force 
compared with the abrasive material of a silicon-dioxide system, they come to be used abundantly and 
, .!.^o?^y® matenal which consists of cerium oxide and a zirconium dioxide is proposed by JP 3- 
I46584,A and JP.3-146585,A. However, it is difficult to be easy to generate precipitate of an abrasive 
gram, m case these abrasive materials are used as the shape of a slurry, to make a polish processing front 
face generate a scratch (blemish) by this, and to acquire the polished surface of high deg^e of accuracy 
fnnnSf^K u''^ material, since the particle diameter of an abrasive material particle is also large 
[0005] Therefore, the actual condition is that the appearance of the abrasive material for precision polish 
which was excellent in the polish precision for which the actual condition is that the abrasive material of 
conventional cenum oxide, a zirconium dioxide, and a silicon-dioxide system is respectively used with 
K] ^ °^ ingredient polish, and it does not generate a scratch is demanded. 

S?^!'. ^ ? be Solved by the Invention] this invention persons applied the second cerium sol (JP.l- 
148710,A) of oxidation which this invention persons developed in tiie above actual condition as a new 
precision abrasive material replaced with the abrasive material which consists of powder of conventional 
cenum oxide, or the abrasive material which consists of a silica sol. However, although this second 
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cerium sol of oxidation was excellent in polish precision compared with the conventional silica sol etc., 
it produced the problem which newly corrodes a grinder from this sol liquid being acidity. 
[0007] Moreover, although it is indicating the acid cerium oxide sol which hydrolyzed the organic-acid 
cerium salt and was obtained by ultrafiltration membrane, even if JP,4-26528,A uses the sol which 
carried out in this way and was obtained as an abrasive material, it is the same as that of the above- 
mentioned sol. Furthermore, although the alkaline cerium oxide sol (JP,4-300644,A) which this 
invention persons developed was applied, in the usual washing, the problem of adsorption of the 
abrasive material to an unremovable polished surface and a residual was produced in this case 
[0008] 

[Means for Solving the Problem] In the above situations, as an abrasive material which is excellent in 
polish precision, this invention persons repeated examination further so that they may apply the second 
cerium sol of oxidation to the abrasive material for precision polish. Consequentiy, based on a header 
and the starting knowledge, this invention is completed for the abrasive material excellent in the polish 
precision which solves the above-mentioned technical problem being obtained by adding the organic 
acid which has a specific carboxyl group in the acid second cerium sol of oxidization. That is, this 
invention relates to the precision abrasive material which consists of the second cerium sol containing 
the organic acid which has two or more carboxyl groups of alkaline oxidation 
[0009] 

[Function] A full account is further given about the precision abrasive material of this invention below, 
this invention persons can get the second cerium sol of oxidation used by this invention by the approach 
of indicating to JP,1-148710,A and JP,5-13231 1,A which are invention which appHed previously. That 
IS, after making a cerium chloride, the hydroxide of alkali metal, or ammonia react and making gel 
generate, the second cerium sol of oxidation can be obtained by carrying out hydrothermal processing of 
this. Moreover, after making the first cerium of carbonic acid, and oxidizers, such as a hydrogen 
peroxide, react and making the second cerium gel of oxidation generate, the second cerium, sol of 
oxidation can be obtained also by carrying out amalgam decomposition of this with an acid. However 
the second cenum of oxidation used as a raw material of this invention is not limited to what is obtained 
by these processes. Moreover, the second cerium of oxidation used for the precision abrasive material of 
this invention may be a crystalline substance, may be formless, and may contain the second cerium of 
hydroxylation. 

[0010] In this invention, the acid second cerium sol of oxidization is used, the organic acid which has 
two or more carboxyl groups in this sol is added, and the second cerium sol of alkaline oxidization is 
obtained by making pH of a sol or more into seven by alkali chemicals further. As a class of organic 
acid which has two or more carboxyl groups, a tartaric acid, a citric acid, oxalic acid, a malonic acid a 
succinic acid, and a glutanc acid can be illustrated. However, even when the particle diameter of the'sol 
which the activity of a tartaric acid and a cittic acid mentions later among these organic acids is 
enlarged, it is desirable at the point that an abrasive material witii sufficient polish effectiveness can be 
obtained stably. Moreover, as a class of alkali chemicals used for pH adjustinent, tiie hydroxide of alkaU 
metal, aqueous ammonia, tetramethylammonium hydroxide, or water-soluble alkanolamine like 
monoethanolamine can be used. 

[0011] Next, if it says about the particle diameter of the second cerium sol of oxidation of this invention 
precision abrasive material, when obtaining the acid above-mentioned sol, it is important to consider as 
the range the mean particle diameter of whose is 2-200nm. That is, since the particle diameter of a sol 
becomes easy to produce a crack in a polished surface by the particle in the particle diameter which 
lubncity with a scounng pad is not fully obtained, but it becomes easy to generate the breakage to the 
abrasive-matenals side by the scouring pad in less than 2nm, and exceeds 200nm, it is unsuitable as a 
precision abrasive material. In addition, such a second cerium sol of oxidation of particle diameter can 
obtain the sol of the particle diameter for which it asks suitably by adjustment of hydrothermal 
processing temperature and the processing time at the time of manufacture of the acid second cerium sol 
of oxidation. In addition, the particle diameter as used in the field of this invention says the diameter of 
the sol particle under the sol distiibution condition measured by dynamic light scattering. 
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[0012] Moreover, although it differs greatly and cannot generally say with the particle diameter of the 
sol, the class of organic acid to be used and an amount, and pH of a sol if it says about the sol 
concentration of the precision abrasive material of this invention, it is the concentration from which the 
sol concentration of an abrasive material becomes 10 - 60% in general as Ce02. In addition, what is 
necessary is just to use such an abrasive material for the concentration for which it asks suitably on the 
occasion of the activity, diluting it. 

[0013] It is the range where the carboxyl group (COOH) equivalent of the organic acid to the one mol of 
the second cerium of oxidization becomes 0.02-2.0 in general about the operating rate of an organic acid 
of havmg two or more carboxyl groups to the second cerium of oxidization. If it deviates from this 
range, an abrasive material with a high polish precision made into the object of this invention cannot be 
obtamed. That is, since the salts concentration in a solution will become high if lower **** and the 
long-term-storage stability of an abrasive material fall 0.02 remarkably and this ratio exceeds 2.0 
reversely, it is not industiial from clearance actuation of the salts in the latter part becoming difficult 
[0014] Subsequentiy, with an ulti-afiltration etc., the addition of an organic acid which has two or more 
carboxyl groups, and the sol liquid which performed pH adjustment by alkali chemicals cany out 
demmerahzation processing, and removes the salts in liquid. By such approach, the precision abrasive 
material which consists of the second cerium sol of alkaline oxidation of this invention can be obtained. 
[001 5 J 

[Example] Although the example of this invention is hung up over below and being further explained to 
It, this invention is not limited to tiiese. Moreover, especially % shows weight % altogether unless it 
refuses. =. o . 

[0016] (Example 1) It added in the 10kg (CeO28.0%) of the second cerium water solutions of a sulfuric 
acid under stirring of 10.28kg (NH34.0%) of aqueous ammonia, and they were made to generate gel 
This gel was fully nnsed until S042-ion was no longer accepted into filtrate, and Ce0221 0% of gel was 
obtained. 146g (100%) of acetic acids and 2054g of water were added so that it might be set to this eel 
2000g with the CH3COOH/Ce02 mole ratio 1 .0, this was put into the autoclave, hydrothermal 
processing of 6 hours was performed at 200 degrees C, and the acid sol was obtained. 
[0017] 24.4g (one hydrate) of citric acids was added to this acid sol lOOOg (CeO210.0%) so that the 
carboxyl group (COOH) equivalent of a citric acid might be set to 0.6 to the one mol of the second 
cerium of oxidization, subsequently the sodium hydroxide was added to it, and pH of sol liquid was 
adjusted to it 10. Demineralization processing of this sol liquid was carried out using extra **** 
equipment (the Asahi Chemical Co., Ltd. make, SLP-1053 mold), and the second cerium sol of alkaline 
"""i ™ obtained. Furthermore, pHlO and the precision abrasive material of this invention which 
IS CeO240.0% were obtained by carrying out pH adjustment of this sol, and performing concentration 
processing succeedingly. Moreover, as a result of measuring the particle diameter of the sol in the 
abrasive matenal which carried out in this way and was obtained using the particle-size-distribution 
measuring device (the product made from Pacific Scientific, Nicomp370HPL mold) by dynamic light 
scattering, the mean particle diameter of a sol was 90nm. 

[0018] (Examples 1-3 of a comparison) For the comparison, only the sodium hydroxide was added to 
the acid second cenum sol of oxidation stabilized with the acetic acid obtained in the example 1 without 
adding a citnc acid, pH of sol liquid was adjusted to 10, and demineralization processing of this 'was 
further earned out using extra **** equipment. Subsequently, although washing processing pH 
adjustment, and concentration processing were presented with this and considered as the abrasive 
^nfnrS^""^^^^ ^ °^ ^ comparison), this thing became gel and sedimented with the passage of time 
[0019] the abrasive material obtained in the example 1 and the example 1 of a comparison - moreover 
the conimercial silica sol abrasive material (A company make, SiO240%, particle diameter of 80nm) ' 
(example 2 of a companson) and the commercial cerium oxide powder abrasive material (B company 
make, particle diameter of 2-3 micrometers) (example 3 of a comparison) were used collectively and 
the assessment tnal of the polish nature was perfomied using the quartz. In addition, the assessment 
approach of the polish effectiveness is as follows at a polish condition list. 

A <polish condition> and polishing pressure force : It is based made in the Udagawa iron works and on 
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the notation indicated by the Oscar mold <assessment approach> and surface roughness (Ra: 
arithmetical mean deviation of profile):JIS B-0601 (a definition and display of surface roughness). 120 
g/cm2 and rotating speed: -- 70rpm and abrasive material concentration: ~ 15% water solution and 
grinder model: - The part of measurement die-length L was sampled in that direction of a center line 
from the roughness curve, and NANOMETA (nm) showed the value calculated by the degree type 
(several 1) in the center line of this sampling part when the direction of the X-axis and longitudinal 
magnification is expressed with a Y-axis and a roughness curve is expressed with Y=f (x) 
[0020] 
[Equation 1] 

[0021] - Surface roughness (Rmax: the maximum granularity) : when only criteria die-length L sampled 
a roughness curve, it sampled in two straight lines parallel to a center line and a part was pinched, 
NANOMETA (nm) showed the value which measured spacing of these two straight lines in the 
direction of the longitudinal magnification of a roughness curve. 

- Existence of a crack : the surface observation under a microscope estimates the existence of the crack 

of a polished surface. The result was shown in a table 1. 

[0022] 
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[0023] In addition, when examined by repeating the same abrasive material and using assessment of this 
polish nature, since a silica sol abrasive material (example 2 of a comparison) had strong desiccation 
cohesive force, it generated the lump, and the crack generated it on the quartz front face by exfoliation 
of this lump on the occasion of the 3rd polish activity. Furthermore, washing clearance of the abrasive 
material which adhered in the grinder in the activity of this silica sol abrasive material was difficult. 
Moreover, the cerium oxide powder abrasive material (example 3 of a comparison) had [ tiiat the dry 
matter of cerium oxide powder disperses and tends to adhere around a grinder ] bad workability. 
[0024] (Example 2) 2420g of water was added to first cerium (Ce0251.3%, particle diameter of 50-70 
micrometers) of carbonic acid lOOOg, this was stirred, it considered as the shape of a slurry, and 
subsequently to this, 200g of hydrogen peroxide solution (H20234.5%) was added. After stirring this 
slurry in ordinary temperature for 1 hour, it reacted having heated liquid and stirring to the temperature 
of 93 degrees C, for further 1 hour. Thus, the acid second cerium sol (Ce029.6%) of oxidation was 
obtained by adding 95g (HCl 35.4%) of hydrochloric acids, and 1815g of water to the gel slurry of the 
second obtained cerium of oxidation so that it may become the HCl/Ce02 mole ratio 0.3, heating to it at 
90 more degrees C for 1.5 hours, and performing amalgam-decomposition processing to it. 
[0025] 179g of tartaric acids was added to this acid second cerium sol of oxidization so tiiat the carboxyl 
group (COOH) equivalent of a tartaric acid might subsequentiy be set to 0.8 to the one mol of the 
second cerium of oxidization, aqueous ammonia was further added to it, and Sol pH was made it 9 
Demineralization processing of this was carried out using extra **** equipment, and the second cerium 
sol of alkaline oxidation was obtained. Furthermore, pH adjustment of this sol was carried out using 
monoethanolamine, concentration processing was performed further, and tiie abrasive material of pHlO 
and CeO230.0% of this invention was obtained. In addition, die mean particle diameter of the sol in the 
abrasive material of this invention was 18nm. 

[0026] (Examples 4 and 5 of a comparison) Although it replaced witii the tartaric acid of an example 2 a 
lactic acid (example 4 of a comparison) and formic acid (example 5 of a comparison) were used for the 
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acid second cerium sol of oxidation stabilized with the hydrochloric acid obtained in the example 2 and 
the second cerium sol of alkaline oxidation was similarly prepared for the comparison, these abrasive 
materials were gels. 

[0027] The abrasive material of an example 2 and the examples 4 and 5 of a comparison was used, and 
the assessment trial of the polish nature was performed using blue plate glass. In addition, since the 
abrasive material of the examples 4 and 5 of a comparison sedimented by gel, the assessment trial was 
performed, stirring an abrasive material. v 

a <polish condition> and polishing pressure force: - 84g[/cm ] 2 and rotating speed: -- 70rpm and 
abrasive material concentration: - an undiluted solution and grinder model: -- made in the Udagawa 
iron works, the Oscar type, in addition the assessment approach were performed like the example 1 The 
result was shown in a table 2. 
[0028] 
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[0029] (Example 3) First cerium (Ce0248.2%) of carbonic acid 1.6kg was dissolved in 29.6kg (HCl 
2%) of hydrochloric acids, and it reacted to this by adding under stirring of 1 1kg (NaOH 10%) of 
sodium-hydroxide water solutions. After the reaction, for the generated gel, **** and after having 
earned out washing processing, adding 258g (H20231%) of hydrogen peroxide solution to this and 
making a cenum into the gel of the first cerium to the second cerium, this was ****(ed) and second 
cenum gel (Ce0224. 1 %) of hydroxylation 3.2kg was obtained. 

[0030] The acid second cerium sol (Ce02 4.0%) of oxidation was obtained by adding SlOOg (HCl 2%) 
of hydrochloric acids to this gel lOOOg. heating this at 90 degrees C for 1.5 hours, and peri^orming 
amalgam-decomposition processing, subsequently, the carboxyl group (COOH) equivalent of oxaHc 
acid IS set to 1.5 to the one mol of the second cerium of oxidization at this sol - as ~ 135g (two 
hydrates) of oxalic acid - adding - further - monoethanolamine - in addition, pH of a sol was adjusted 
to 8. Denuneralization processing of this sol liquid was carried out using extra **** equipment and the 
second cenum sol of alkaline oxidation was obtained. Next, pH9 and the precision abrasive material of 
this invention which is CeO220.0% were obtained by canning out pH adjustment of this sol using 
monoethanolamine, and perfomiing concentration processing further. Moreover, as a result of measuring 
the particle diameter of the sol in the abrasive material which carried out in this way and was obtained 
using the particle-size-distribution measuring device by dynamic light scattering, the mean particle 
diameter of a sol was 12nm. 

[0031] Thus, the obtained abrasive material was used and the assessment trial of the polish nature was 
performed. 

a <polish condition> and poUshing pressure force: - 30g[/cm ] 2 and rotating speed: - 20rpm and 
abrasive matenal concentration: - an undiluted solution and grinder model: - made in the Udagawa 
iron works, the Oscar type, in addition the assessment approach were perfonned like the example 1 
Consequently, it is 0.2nm, and surface roughness (Rmax) is 1.8nm, and surface roughness (Ra) did not 
have the crack of a polished surface. 
[0032] 

[Effect of the Invention] As a full account was given above, this invention is a precision abrasive 
matenal which consists of an alkaline cerium oxide sol containing the organic acid which has two or 
more carboxyl groups, is excellent in polish precision and, moreover, does not have the residual to the 
ingredient polished surface at the time of polish. 

[0033] Therefore, the precision abrasive material of this invention is abrasive material optimal as an 
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abrasive material of the electroceramics as which high-degree-of-accuracy-ization will be required 
increasingly from now on. If the concrete example of application is given, polish of the liquid crystal in 
the optoelectronics field, an optical-glass substrate, an optical modulator, a surface acoustic filter, a 
phase compensator, a polarizing prism, LiNb03 crystal, LiTa03 crystal, Xtal, a quartz, etc. can be 
illustrated. Furthermore, specifically, ingredients, such as a glass substrate, Xtal, a quartz, lithium 
tantalate, lithium niobate, an alumina, a fluorite, lead molybdate, YAG, GGG and YIG, a ferrite, PZT, 
metal aluminum, titanium, beryllium, and stainless steel, can be illustrated as abrasive materials of these 
applications. 

[Translation done.] 
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to 0 1 4) 2fU±<7):^;u4^4^->;p»=£#-r.5«'«»«) 
to 0 1 5} 

to 0 1 6] mt&mi) 6SKIg--fe:'J'>A*fi§M(CeO i 



^3) #W¥8-3 54 1 

.8.0%)10kgfc:, T>tr:T*(NH3 4. 056)10. 28kg«Jft|# 

. - - -i^tyimtt) itlU <tji^ *T^iJ-lC*j5t LTCeOj 2 

1. Q%(r>*f)V^%iz.^ c:«5y;i'2000giccH3 cooH/ceOr 

itl. Ot;ft« J: 5 JcfifK(100%)146g2fetJf*2054g&AD 
A. Z.t\^:i—hPi. — Zf\ZXn, 200"CT6»#W<D*.«i 

[0 0 17] c:©8tty;nooog(CeO!io.o%)ic. milt 

10 (COOH) ^ fi;>to. 6 <h ;i -5 i o tc ^ X > iffi ( 1 ^KftJ^D) 24. 4g 

*iuA. ;*:ti-e*^jt::*-h'J':'A«rJ!raATV;i.j«oDpH$r 
lojcasilib*:. ;lrol/J^}«*l®n^aia&B(te^t^(») 
$8. SLP-1053IH) ^mK^xnmsm tju* <j m&itm 

i^^iSaB^QaSffpClilXj;^, PHIO, Ce0240.0%T?* 
i>5t!i il'l^gS (Pac i f i c Sc i en t i f i cttSS. N i c oinp370HPL 

1 0 0 1 8 ] 1 ~ 3 ) VcMSL<nit.ib\z. imm l 

i'X>KSraSftHi-rJC*B?'fb:^h'J'^AC5^* 
*D;tT. V;P}acOpH*ioic:|isfiL. 35lc ^inSrfS^I-iitja 

[0019] ^ififify 1 •ELa\mm i Tit&wisjw. 

#ii-TmBg(D -> U ;<3 ^/^l-WjeSlKA^fcK. Si02 40X. 
JO aSOnni) (tfc«E0iJ2) St/rUlScOK^kir U >> AI9*W® 
?fiJ(Btt$S!.fe^S2~3//m) (Jt^«!S3) S^fflL. 5^ 

<m6:fj&> 

40 ' ^Sia$ (Ra: tf'Dia^i^aS) : JIS B-0601 (*iSft$ 

<^M$&t^m)\z^m.^n-c\^^^^mmzm-:}^, as 

tt. a$**8S:Y=f(x)T«Lfct^Jc. ^SC (»1) Ic 
J: -D T*J6 ^ tl5«i*t>';i-?-(niii) Ufc. 

[0 0 2 0] 

[?^1] 

» [0 0 2 1] •^iSia^(RiDax:S;*:|aS):agEai««S 
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^ 6 

SR^>&^*^fc*i#(c. z.<D2mm(D^m^i&^«itim<r>m. to 02 2] 









it e»j 
















0.1 
1,0 

ML 


0.3 
3.2 
1 


0.1 
3.0 


0.6 
6.2 

2 



[0 0 2 3] Hd. 7L<Dmm^(r>Umt:m-Oimmm^Vli • Sfefi?llllig|gc:70rpm 

0igU^fflbTBSK^£rffofcic;5. v U * '/JUilf SSH • WSal(3lJK:KMe 
Tii. mmmp^\zHmLtzmmm<nm.^mmmm-r:& [0028] 

ofc. ^ib-kiJ'i7A«»*W«SfJ(Jt«J^J3)«. m [«2] 

[0 0 2 4] 2 ) t^fig^-- k U -^7 A (CeO; 51. 3 a? 

3«.;KiTS50~70/aiD)1000gtr7K2420gS-^i)OL', 

= 0^ 34. SSfJ) <D200g«-^Jo b^. d ©X 7 'J — 

»#ryntJ$Lfc^, aa«93t;^TJK*iD^LTMicm#iy] to 02 9] (^jsms) j^ksb— feU':;A(Ceo,48 2 

^J*L;ft7JJe.S^S=£^c/c, ;iCDJ;5lCbT^fcjS!<tm %)1. 6kg*ffiB!(HCl 2%)29. 6kgl:Jg^gU ;infr*Hg 

-•b:U-i7Aoy;i.X-7"J-lC, eCl/CeO.^;Ptfc0.3i;5: Yk:^- 1> U •:7A*SJK<NaOH 10%)llkg*JS«iTT^JnL 

go-CTi.si^mijpssLTgpip^aa^fT^^ttzjcr,. as mx.. Jin{ciaB6-ft*ai*(H3 0=3is6)258g^jD^, -tu 

ttO®!<b^_-lr'J':7Ay;KCe0.9.6%)S:f#fc. -^^ A^^— b >J -j7AA^6^r:-fe U ACD^JPi L/--« 

J0 0 2 5] Cl©BH4cDfit<t^--lrg^7A«y;Hc. ^*:v. ^ -n^iJtiiLT7KK<t^--trU'j7Ay;KCeO,24.1%)3. 

2kg«^/5:. 

to 0 3 0] C®'i'*;HOO0gKmi6(HCl 29g)510Qg*lin 

fc. c®V;ncsiYfcm--fe'j^7Ai^;nc^L 
T n. KtD A -> (COOH) a S*n. 5 i « J: 

■5 JCv'j.'>K(2*ftI!fe)135gSSnK.> MtC^r/X^' / — 

il-iO. pE9. Ce0j20.0%lrafeS*^B^©S?&W*Si| 

to 0 3 1] ^<r>j;io\zvxnrzmmM^^mv. ^<r> 

• WejE:f3:30g/cni' 
■ ^S@e£[:20rpm 

















ttM^-i. <finax)(nm) 


0.2 
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ML 


O.S 
3.2 
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0.3 
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1 



-'l/S(COOH) SfiTitQ. 8i:7S:-5 i 5 lCS5i!179g&iinA. 
MICT>^:r:TjfcS'iljnATV;UpH*9(Cb;t. cinSrRB 

'J 'yj^V)v^mft, wizz<D^/)i^=E / jiHf ^ -)i7 s. 

>$rfflViTpHP3BL., MlCffiSgJaSSftt^ pHlO. CeO? 

to 0 2 6] (iti4Cf94, 5} itet(Drzt(>iz. mmm2 
xnrzmmz^-ox^^itvytmit<Dm{tm—±vt7A 40 

y;HC. ^iSC3J2®©5^fCf^A.T9lK(itiiiW4)SD: 
4SK(Jttli«5)&«gfflL. |n|«lc7;PAU#K^blB:::i3 

to 0 2 7] ^mm2, tt^m4]SLZ/5<Dmmm^^m 

• WaJE:^7:84g/cm» 50 
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B5ift$(Ra)«0.2nm, ^ffiftS(RBax)«1.8nmT»0, * 
to 0 3 2] 
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:/7^>SS^. YAG, GGG, YIG. 7a: ^^f P 
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